The use of forest-derived biomass has steadily increased in Finland and Sweden during the 26 past decades leading to more intensive forest management practices in the region, such as 27 whole-tree harvesting, both above-and belowground. Stump harvesting results in a direct 28 removal of stump and coarse-root carbon (C) from the stand and can cause extensive soil 29 disturbance, which in turn can result in increased C mineralization. In this study, the effects 30 of stump harvesting on soil C and nitrogen (N) mineralization, and soil surface disturbance 31 were studied in two different clear-felled Norway spruce (Picea abies) sites in Central 32
concluded that although mixing favors decomposition it does not 125 necessarily lead to higher CO2-emissions from the whole profile, but rather creates SOM 126 cohorts in various soil depths, which then decompose at different rates. 127
128
Considering that the stand rotation times for conifers in Finland and Sweden are typically 129 more than 65 years, maintaining a longer time perspective on soil changes is imperative. That 130 being said, there are a few studies that have reported treatment effects on soil total C pools 131 over 20 years after stump harvesting. Karlsson and Tamminen (2013) The aim of this study was to determine if stump harvesting causes qualitative and quantitative 137 changes in the SOM stock in different soil-surface disturbance categories 11-12 years after 138 stump harvesting. We used in vitro measurements of C and N mineralization (expressed per g 139 of C) as a proxy of quality and estimates of C and N pools for quantity. Since mounding is 140 the most common site preparation method used to regenerate Norway spruce in Finland, 141 mounding sites were used as control references for stump harvesting. 142
Our specific hypothesis was: mixing of the soil layers (incorporation of OM into the mineral 143 soil and vice versa) caused by stump harvesting will increase decomposition of SOM and will 144 therefore increase C and N mineralization rates of SOM in topsoil layers (per unit C). 145
Furthermore, the highest fluxes of CO2 were expected from the surfaces with high SOM 146 content (e.g., mounds) and the lowest fluxes from the pits. 
Soil disturbance 163
During soil sampling disturbance classes were identified visually and confirmed with a soil 164 corer to identify the mixing and relocation of the soil layers. Three disturbance classes were 165 identified; (i) mound, (ii) undisturbed soil surface and (iii) pit (Table 2) . 166 167
Soil sampling 168
In October 2012 (Honkola) and October 2013 (Haukilahti) soil samples were taken for 169 respiration and N-mineralization studies. Soil samples were collected with a soil corer (d=28 170 mm). Samples were collected from all three disturbance classes separately. Samples from 171 undisturbed soil surfaces were divided into humus layer (organic layer) and three mineral soil and soil layer were indicated, pair-wise comparisons were made between the treatment means 244 for individual soil layers according to the Bonferroni correction. Only some variables were12 common for both Honkola and Haukilahti (pH, respiration rate, C conc., N conc., C/N ratio) 246 (n=4), others were only present for Haukilahti (C pools, N pools and RH=heterotrophic 247 respiration) (n=3), while net N mineralization and net nitrification were only present at 248 Honkola (n=1). Consequently, treatment effects could not be evaluated at Honkola. However, 249 by using the subplots at Honkola as replicates, it was possible to get an idea of the treatment 250 effects assuming no plot differences. Differences between treatments were considered 251 statistically significant when P< 0.05. 252 253
Results 254

Soil C and N pools, and soil pH 255
Total soil C pools were estimated to be 6.9 and 5.6 kg m -2 in the WTH and WTH+S 256 treatments in "undisturbed" soil at Haukilahti, and the corresponding estimates for N pools 257 were 0.30 and 0.26 kg m -2 (Fig. 1) . However, the total C and N pools did not differ 258 significantly between treatments in any of the disturbance classes. The amounts of C and N 259 differed between soil layers, and after mounding, the "top" and humus layers had higher C 260 and N amounts than any of the mineral soil layers (Fig. 1) . In the undisturbed soil, the humus 261 layer contained more C and N than any of the mineral soil layers. 262 263 C concentrations were significantly lower in WTH+S compared to WTH in the mound 264 disturbance class, whereas C and N concentrations in other disturbance classes only showed 265 differences between soil layers (Table 3 ). The humus layer had higher C and N 266 concentrations than any of the other soil layers, including the "top" layer, which consisted of 267 a mixture of organic and mineral soil. 268 269 13 C/N ratios had a tendency to be lower after stump harvesting, P=0.08 and P=0.11 for the 270 mound and undisturbed classes, respectively, but the only significant differences were found 271 between soil layers (Table 3) . 272
273
There was a significant interaction between treatment and soil layer in the mound class. Pair-274 wise comparisons per soil layer showed significantly higher pH in WTH+S than in WTH in 275 the humus layer (P<0.05). Soil pH was low in the humus layer and generally higher with 276 increasing soil depth (Fig. 2) . The "top" layer was an exception in having similar pH as the 0-277 5 cm mineral soil layer in the mound disturbance class. 278 279
C mineralization rate 280
Stump harvesting did not significantly affect C mineralization rate in any of the disturbance 281 classes or soil layers (Fig. 3) . The differences in C mineralization rates (per g of C) between 282 treatments were relatively small. 283 284
Heterotrophic soil respiration 285
Annual heterotrophic respiration (at laboratory temperature and soil moisture) (RH lab) was 286 estimated to range between 1000 and 1400 g CO2-C in the undisturbed and mound soil 287 profiles (Fig. 4) . RH for the whole soil profile did not differ significantly between the 288 WTH+S and WTH treatments, but in the mound disturbance class, RH was significantly 289 lower (P<0.01) in the WTH+S than in the WTH humus layer. The "top" and humus layers 290 had significantly higher RH than the mineral soil layers. 291 292 14
3.4 Net N mineralization and nitrification rate 293
Net N mineralization rate was only determined for the Honkola samples. Net N 294 mineralization rates varied between -1 and 16 µg N (g C) -1 day -1 with the lowest rates in the 295 mound tops and in the pits at 10-20 cm depth (Fig. 5) . No significant differences between 296 treatments were found, but stump harvesting had a tendency (P=0.053) to increase net N 297 mineralization in the pits. 
Soil C and N pools 306
Changes in C and N pools after stump harvesting has been suggested to depend on (i) 307 removal of stumps and coarse roots, which will reduce SOM formation, (ii) increased SOM 308 decomposition as a consequence of soil disturbance, (iii) changed litter inputs depending on 309 the establishment of plant cover, and (iv) soil mixing, which means redistribution of SOM 310 within the soil profile but without a net loss of organic C and N. 311
312
In this study, performed 11-12 years after site preparation and stump removal, total C and N 313 soil pools had a slight tendency to be lower after stump harvesting, but there were no 314 significant differences between treatments. The tendency of decrease was restricted to the 315 15 humus layer, both in the "mound" and in the "undisturbed" disturbance class. The humus 316 layer had lower C concentration, lower C/N ratio and higher pH after stump removal, all 317 factors indicating that the humus layers had partly been mixed with materials from other soil 318 layers at stump harvesting. This was probably also the case in the "undisturbed" spots, 319
although it was not possible to discern a soil-surface disturbance during the initial inspection. 320
321
The estimates of soil C/N ratios were consistently lower in the same soil layer after stump 322 harvesting (WTH+S) than after WTH only (Table 3 The lack of significant differences in the total soil C and N pools at Haukilahti between WTH 361 and WTH+S treatments are thus in agreement with other comparable studies. It is possible 362 that increased disturbance after stump harvesting can have accelerated SOM decomposition 363 (see also below), but the most reasonable explanation to the differences in OM concentrations 364 in comparable soil layers is soil mixing. 365 366
C mineralization 367
There was no general effect of stump harvesting on soil C mineralization rates. Data on rates 368
give an indication of the quality (decomposability) of the OM but cannot alone be used to 369 draw conclusions about the quantity of CO2 evolution per m 2 . The high C mineralization rate 370 in the pits (Fig. 3) was unexpected, because the null hypothesis was that these mineral soil 371 layers should resemble the corresponding layers in the mound and undisturbed disturbance 372 class. It is possible that the pits acted as collectors of fresh litter from the clearcut vegetation, 373
and although all visible litter was removed at sampling, fragmented litter from the 11-12 374 year-period after soil treatment might have created an influx of high quality SOM to the the 375 top layer in the pit. It is also possible that the pits also could be filled with water after heavy 376 rains and after snowmelt. During litter decomposition, fragmented litter and dissolved 377 organic C (DOC) was probably formed, and could penetrate into the underlying soil layer and 378 act as a C source for the decomposers. The early dynamics of CO2 efflux from soil pits was 379 studied by Pumpanen et al. (2004) , who reported low soil CO2 efflux from both exposed E 380 horizon and exposed C horizon during the first year after clear-cutting, followed by a steady 381 increase in CO2 efflux during the following two years which they suggested to be caused by 382 the colonization of pit vegetation. 383
384
The top layer of the mounds contained extra SOM (an inverted humus layer plus attached 385 mineral soil on top of the original humus layer). This top layer seemed to have similar C 386 mineralization rates as the underlying humus layer. As this study was done in the laboratory 387
